Introduction
M alnutrition in hospitalized patient is increasingly being recognized as an important factor determining outcome of the disease. There is growing evidence that early and appropriate goal oriented nutritional support in the ill child aids recovery [1, 2] . Current nutritional management is based on a rapidly emerging knowledge of the special nutritional requirements related to the vastly different physiologic and metabolic characteristics of these patients. These children often present with significant metabolic derangements in protein and energy metabolism characterized by increased protein breakdown unsuppressed by protein or energy intake, reprioritization of protein synthesis with increased synthesis of acute phase proteins, decreased synthesis of structural proteins and increased turn over. In addition, there is also glucose and lipid intolerance [3] . Adequate nutritional and metabolic support of the critically ill child under these conditions is a daunting task [4] . It involves an accurate calculation of caloric delivery with a precise mixture of carbohydrates, proteins, lipids and micronutrients, which needs periodic review. The route of nutrient delivery also needs contemplation with increasing popularity of enteral feeding in this group [5] . Emerging knowledge of the non-nutritional functions of nutrients has added another dimension to critical care nutritional support.
Pathogenesis
Systemic stress response in the critically ill child is a hypersympathetic one. At the macro level, gut motility especially of the stomach and small intestines is reduced. Absorption of nutrients and drugs may be erratic secondary to villous atrophy, associated with altered motility secondary to ischaemia and necrosis. Consequently increased bacterial and their toxin translocation occur, which may suppress normal immune mechanisms and promote the activation of cytokine synthesis in the liver. Multi organ derangements, particularly of the liver and kidneys affect not only nutrient but also drug metabolism.
At the cellular level, macrophages and polymorpholeukocytes release various peptides like cytokines, interleukin 1 and tumor necrosis factor [6, 7] . The stress response is associated with elevated catecholamines, aldosterone, antidiuretic hormone, glucocorticoids, insulin and glucagons [8] . Despite elevated insulin levels, hyperglycaemia and glucose intolerance are frequently observed because of counter regulatory hormones primarily due to mobilization of alanine, glutamine and other amino acids from muscle and their biosynthesis to glucose and urea by the liver. There is insuppressible lipolysis and reduced ketogenesis. Most critically ill children are in negative nitrogen balance as protein catabolism far exceeds synthesis. The net effect is rapid depletion of lean body mass termed as autocannibalisation. Neonates and children are particularly susceptible to this. Intrinsic lack of endogenous stores and greater baseline requirements compound problems. An appropriately designed mixed fuel system of nutritional support replete in protein does not quell this metabolic response but can result in anabolism and continued growth in ill children [9] .
Critical illness is associated with increased energy demands related to stress. In order to ensure that optimal calories are provided to the sick child, while calculating energy requirements, the basal energy expenditure (Kcals) should be multiplied by a stress factor, which is specific for that particular ailment. This pattern of requirement will vary according to the disease and from patient to patient and needs to be considered while formulating individual diets, which must be modified from time to time. Raju, Choudhary and Harjai support based on the predicted energy expenditure (PEE) extrapolated from normograms of healthy children. The aim was to maximize caloric delivery in the hypermetabolic and stressed state the baby was passing through. On studying the energy requirements in these children by indirect calorimetry, it was observed that the PEE was grossly overestimating their needs and thereby the excess calories provided added further to the metabolic derangements. Therefore, the current concept is to provide hypocaloric nutritional support during the early unstable Ebb phase followed by eucaloric and even hypercaloric feeding depending upon the stress factor during the recovery flow phase [10, 11] . As a broad outline this amounts to 20-30 calories / kg / day during the Ebb phase followed by 50-100 calories / kg / day during the recovery phase [12, 13] .
Assessment of nutritional status
Nutrition assessment is an integral part of evaluation of the critically ill child. Its goal is to identify malnourished children and those who are at risk of developing it. Malnutrition is known to affect wound healing, infection rate, mortality and morbidity making early identification of children at risk essential [14] . Designing effective nutrition regimens for the critically ill requires an understanding of the energy needs of each patient. Many disease processes result in elevated caloric requirements whereas some clinical procedures and medications may diminish the metabolic response [15, 16] .
Assessment consists of a detailed history taking and clinical examination, which is evaluated in conjunction with anthropometry and appropriate lab investigations as shown in Table 1 . Nutrition requirements may also be determined by measurement from complex formulas which provide useful guidelines on caloric management in the critically ill. Some of these are:-(a) Basal Metabolic Rate (BMR) : There are certain basic differences in basal energy expenditure between children and adults. These are a relatively higher BMR, considerably lesser nutritional stores, growth and the fact that metabolic organs make up a greater percentage of body weight in children. Normograms are available for varying age groups one of which is shown in Table 3 . Whilst these methods form general guidelines, one should administer enough calories to achieve a clinical improvement with adequate weight gain, positive nitrogen balance as indicated by muscle mass as well as measurement of skin fold thickness to assess subcutaneous fat [19] . Nutrients needed by the body may be broadly classified functionally as:-(a) Body builders -proteins; (b) Energy producerscarbohydrates and fats; (c) Protective nutrientsvitamins, minerals and trace elements The main purposes of nutrition are growth and restoration of body proteins, the meeting of energy demands of metabolic processes being fulfilled mostly by carbohydrates and fats. In a balanced diet, the proteins, carbohydrates and fats are provided in the ratio of 15:50:35. For optimal utilization of proteins, at least 150 non-protein calories need to be administered per gram of nitrogen provided. In certain catabolic situations, this requirement may increase to 250-300 non protein calories / gm nitrogen provided. These requirements vary with the age of the patient, severity of disease and pre existing illness [20] . Broad guidelines of the energy and macronutrient requirements in the various age groups in children are as shown in Table 4 .
The route of nutrient delivery influences the total caloric requirement. It has been observed that to achieve comparable accretion rates, 75-80% of the enteral requirements need to be provided parenterally. Proteins: The usual protein requirement in the critically ill child ranges from 1.5-3 gms / kg /day. This takes into account the normal maintenance requirements, metabolic demands of disease and replacement of abnormal losses. Proteins can be provided enterally as short chain peptides or complex proteins. Intravenous alimentation entails the administration of crystalline aminoacid solution with an adequate balance of essential / non-essential aminoacids. Some of the paediatric intravenous aminoacid solutions available in the Indian market are shown in Table 5 . Attention should be paid to the percentage of branched chain aminoacids in the infusate, which are particularly useful in liver failure and in multi trauma. Protein restriction however is indicated in renal failure.
Carbohydrates: The goal of carbohydrate administration is to provide energy and to spare lean body mass maximally. It usually accounts for 50-60% of the non-protein calories to be administered. It may be provided enterally as complex carbohydrates or oligosaccharides with lactose free diet being provided to the intolerant patient. Parenterally, glucose is the sugar of choice as it is an inexpensive, naturally occurring substrate. The daily requirement ranges from 5-25 gms/ kg. During the initial critical phase, glucose infusion should not exceed 4-6 mg/kg/minute and should be titrated with blood glucose levels. The critically ill patient may exhibit glucose intolerance and hence regular serum glucose levels, weight gain and nitrogen balance need to be monitored to decide optimal dosage. Over administration leads to hyperthermia, increased CO2 production and hepatic steatosis. Hence hyperglycemia should be treated with reduction in percentage of dextrose infusion when blood glucose levels exceed 200 mgm% and with insulin infusion at the rate of 0.05-0.1 IU/kg/hr when levels exceed 250 mgm%.
Lipids: Approximately 15-30% of the calories should be provided by lipids which have a nitrogen sparing effect. They may be provided orally as medium chain triglycerides. Vegetable fats are better tolerated in the ill patient. Small doses of safflower / soya / coconut oil (0.5 gm/kg/day) not only provide calories but also medium chain triglycerides which are easily absorbed. Omega 3 fatty acids contained in fish oils not only provide lipid calories but are also an invaluable immunonutrient.
Fats appear to be more suitable as an energy source as compared to carbohydrates as lipid preparations provide high caloric density in comparatively low volumes along with an ideal R/Q ratio suitable for most sick patients who have borderline respiratory reserve and may have excess body water. For intravenous alimentation lipids are provided as triglycerides stabilized with egg phospholipid. However, most of the commercially available preparations contain more phospholipids than required to emulsify triglycerides, the excess phospholipids being converted into liposomes. The available 10% lipid solution generally provides two to four times the amount of liposomes as compared to the 20% lipid solution. It is speculated that the excess liposomes compete with the triglyceride rich particles for lipase binding sites. Hence the liposome rich fat emulsions are poorly tolerated with an increased incidence of hypertriglyceridemia and hypercholestremia. Therefore 20% lipid emulsions with reduced phospholipid content has been found to be better tolerated than the 10% solution. In the recent past, 10% lipid solutions with reduced phospholipid content are available which has resulted in better tolerance.
Lipid therapy should be started in dose of 0.5 gm/kg/ day and increased in increments of 0.5 gms/kg/day, not exceeding 4 gms/kg/day. Monitoring of lipid profile is essential as lipid intolerance in the critically ill child is known. Other side effects include fat pulmonary micro embolism, thrombocytopenia and reduced leukocyte functions. With the current understanding of long chain triglycerides being potentially immunosuppressive, alternate lipid sources with medium chain triglycerides and W-3 fatty acids are being increasingly used [21] .
Electrolytes and Minerals: The critically ill child should be provided not only maintenance requirements of electrolytes but ongoing losses particularly from GIT need to be replenished. Phosphorus required due to accretion of calcium and phosphorus in the bone due to protein anabolism carries a requirement of 1.3 mmol/ kg/day for every 400 mgm nitrogen/kg and 0.8 mmol calcium/kg. Magnesium requirements are usually met by 0.4 mmol/kg/day [22] .
Vitamins must be provided to meet maintenance requirements as well as cater to losses and supervening stress. When provided intravenously, vitamins especially A, C, riboflavin and pyridoxine may be lost by adherence to plastic tubing and by photo degradation. Therefore vitamins should be added to parenteral infusates shortly before administration and should be protected from light [23] .
Nutraceuticals / Immunonutrients: Of recent interest is the emergence of the non-nutritional potential of certain nutrients. These include glutamine which when supplemented in the critically ill child is believed to improve nitrogen balance and gut function and also to reduce infection rate [24] . Ornithine produces glutamine in vivo, increases growth hormone activity and has also been found to reduce the incidence of metabolic acidosis. Arginine, fiber, omega 3 fatty acids, vitamins (A,C and E) and certain trace elements viz selenium, copper and zinc are believed to improve immune functions. Omega 3 fatty acids, dietary peptides and nucleic acids aid fat metabolism in the critically ill child. They are believed to play an active role in enhancing immunity and help wound healing. Trials on immunonutrition have shown beneficial results [25] .
Routes of Nutrient Delivery
Enteral: Early enteral feeding in the critically ill child has been found to avert ulcerative complications, preserve indigenous intestinal flora, prevent mucosal atrophy, maintain the enterohepatic enzyme system and reduce the incidence of sepsis and cholestatic jaundice [26, 27] . Feeds can be provided orally or in case of gastric atonicity, transpyloric. These may be provided as intermittent, bolus or continuous infusions depending on tolerance. Drugs such as metchlorpromide, cisapride and erythromycin when provided as primers have reduced the incidence of gastric atonicity and have also aided transpyloric tube negotiation [28] . If cisapride is provided, ECG monitoring to exclude QT segment abnormalities and drug interactions particularly with azoles, macrolides and protease inhibitors need to be kept in mind. Diets include low molecular weight elemental formulas, polymeric or custom made modular formulas. Some of the commercially available, ready to use enteral diets for paediatric patients are shown in Table 6 . Side effects are few and relate to aspiration, diarrhea, abdominal distension and those related to the tube [29] . In sick neonates on parenteral alimentation, minimal enteral feeding providing 4-20 kcals/kg/day has been found to be beneficial. This form of nutritional therapy has been associated with better weight gain, greater decline in serum bilirubin levels, less cholestasis, rapid maturation of the gut, increased feed tolerance and quicker recovery.
Parenteral Nutrition: If the GIT cannot be used adequately, parenteral nutrition becomes necessary. It can be provided by peripheral venous access unless prolonged IV alimentation is contemplated when a central line needs to be established. This allows the use of concentrated infusates.
Parenteral nutrition is initiated with a glucose infusion at a dosage of 5 mgm/kg/mt and increased in daily increments to a maximum of 25 gm/kg/day. Aminoacids are added on the 2 nd day starting at 0.5 gm/kg/day and gradually increased by 0.5 gm/kg/day to a maximum of 3 gm/kg/day. Lipids are added on the 3 rd day at 0.5-1 gm/kg/day and increased by increments of 0.5 gm/kg/ day to maximum of 4 gm/kg/day. The fluids should be customized and prepared on a daily basis as per requirement and tolerance. The calculated quantities of aminoacids, glucose and electrolytes are mixed in a bottle to which calcium gluconate, phosphates, multivitamin and heparin is added. The nutrient mixing should be carried out under aseptic conditions preferably under a laminar flow workstation. A bacterial filter should be attached to the IV line to further limit microbial contamination. Lipids should preferably be administered by a separate line, the two being coupled by a threeway stopcock prior to entry into the vein. In the recent past single unit mixtures with all of the required nutrients including lipids are being provided in some centres for ease of administration. The serious disadvantage of such a system is that a bacterial filter cannot be utilised as the lipids cannot transgress the filter leading to a blockage. In order to provide successful parenteral nutrition, clinical and biochemical monitoring is essential. Clinical monitoring includes vital parameters recording, checking IV sites and rates, daily weight record and maintaining an intake output chart meticulously. Biochemical monitoring entails measurements of blood electrolytes, sugar, creatinine, calcium, phosphates, lipid profile and serum protein levels every third day during the initial unstable phase and weekly and SOS thereafter. Urine should be checked for sugar and ketone bodies three to four times daily. It is essential to use micro methods for biochemical monitoring and the blood loss due to sampling must be replenished to prevent anemia. Complications relating to metabolic derangement, infection and mechanical line problems should be looked for and judiciously attended to. It must be realized that successful parenteral nutrition requires constant vigilance, dedicated personnel and specialized facilities in order to achieve maximum benefits and minimum complications. However this form of therapy is neither as nebulous nor as difficult as it may appear, and its benefit should therefore not be denied to the patient who needs it most.
Nutrition in special situations: In burns, sepsis and trauma formulas rich in branched chain aminoacids upto 35-50% of aminoacids administered need to be provided. In liver failure, increased branched chain aminoacids and lower concentration of aromatic amines should be used. In addition fiber, lactulose and lactilol are effective [30] . In renal failure, a high concentration of essential aminoacids with a greater non-protein caloric concentration needs to be provided.
Conclusion
Nutritional management is an integral and vital part of criticare support. The stress of severe illness complicates the delivery of adequate nutrients. Enteral feeding has several advantages. However there are specific instances when parenteral nutrition as an adjunctive or as sole therapy becomes mandatory to meet nutritional needs. Whatever the modality, with meticulous attention to nutrient requirements along with rigorous monitoring, it is possible to provide full nutritive support to the critically ill child.
